Aim: to describe the salient relationships between Graves' disease (GD) and both Turner syndrome (TS) and Down syndrome (DS). Design: to conduct a secondary analysis of current literature on this topic. Results: 1) the prevalences of GD in TS and in DS young patients are 1.7% and 6.5‰, respectively, i.e. higher than that in pediatric general population (around 1‰); 2) in both these chromosomopathies GD presentation is often preceded by Hashimoto's thyroiditis (HT) antecedents; 3) in both TS and DS, GD presents with a clinical picture very similar to that observed in GD patients without these chromosomopathies; 4) in TS, clinical course of GD under pharmacological therapy is very similar to that observed in non-TS girls; 5) in DS, clinical course of GD under pharmacological therapy is less severe than that in non-DS patients. Conclusions: in the children with either TS or DS, GD is characterized by two common epidemiological peculiarities, i.e. increased prevalence rate and elevated frequency of HT antecedents.
perthyroidism in childhood and adolescence (84% of cases), followed by hashitoxicosis (12% of cases) [1] . In pediatric age GD is a rare disease, whose prevalence has been estimated to fluctuate around 1‰ [2] and is distinctly lower than that reported for Hashimoto's thyroiditis (HT) in the same age bracket [3] . GD is more common in girls than that in boys and its frequency increases with age, peaking during adolescence. GD occurs more frequently in genetically susceptible children, as demonstrated by the higher concordance in monozygotic than dizygotic twins [4] , but its occurrence is also conditioned by environmental triggers, such as iodine intake, smoking and immune modulators. Other important risk factors for GD are familial antecedents of autoimmune illnesses, link with other autoimmune diseases and association with Turner syndrome (TS) or Down syndrome (DS), i.e. two chromosomopathies which are known to be frequently linked with autoimmune disorders.
According to the most recent literature reports, GD in patients with either TS or DS seems to be characterized by some significant peculiarities, in terms of epidemiology, pathophysiology and clinical presentation and course. These reports seem to suggest that the association with these chromosopathies might condition a peculiar phenotypical expression of GD, thus shedding some new light on the pathophysiology of this autoimmune thyroid disease.
Aim of this review is to summarize, for the first time, the salient news concerning the relationship between GD and both these chromosopathies, in order to underline some common aspects which characterize phenoltypical expression of GD in both TS and DS.
Epidemiology
There is a consensus in the literature that autoimmune diseases are more frequent in girls with TS than in the pediatric general population [5] - [7] and that HT is the most frequent autoimmune disorder in TS [8] [9] . Considering the well-documented relationships between HT and GD, even GD might be expected to be more frequent in TS, but the epidemiological studies on the link between TS and GD are few and based on limited study populations [6] [8] [10] .
According to the results of a recent report on the prevalence of GD in a series of 408 young patients with TS, the prevalence of GD in the pediatric TS population is 1.7% [11] , that is very similar to the one detected in the last ten years in other epidemiological investigations covering young TS cohorts: from 1.7% to 3.0% [8] [10] [12] . On the basis of these epidemiological data, we can infer that the prevalence rate of GD in TS is distinctly higher than that reported in the pediatric general population [2] , but very far from that of HT in TS, which is generally reported to range from 10% to 21% [8] [12] [13] . However, it has to be considered that, even in the pediatric general population, there is a relevant discrepancy between the frequencies of HT and GD [14] . Another interesting inference of the recent epidemiological study by Valenzise et al. is that GD frequency in TS does not seem to be affected by karyotype [11] , a finding that had been previously reported also by other Authors [12] [15] [16] . By contrast, according to other studies, autoimmune thyroid diseases seem to be particularly common in TS patients with X-isochromosome karyotype [8] [17]- [19] .
Considering that DS patients are well-known to be more prone to develop both autoimmune diseases and thyroid disorders, GD would be expected to be more frequent even in this chromosomopathy [20] . This is also suggested by the few available epidemiological studies, which demonstrated in the past, on limited populations, a GD frequency in DS ranging from 0.5% to 2.9% [21] - [24] , i.e. higher than in pediatric general population (around 1‰). According to the results of a more recent epidemiological study, aiming to assess the prevalence of GD in a population of 1832 DS patients, such prevalence has been well-established to be 6.5‰, with an estimated incidence of 43/10,000 per year, which is distinctly higher than that estimated in the general population [25] .
Pathophysiology
Although it is well assessed, on the basis of the above epidemiological study results, that patients with TS and DS are more prone to develop GD and other autoimmune diseases, the pathophysiological mechanisms that underlie this predisposition have not been as yet clearly elucidated.
In TS it has been recently postulated that the increased risk of autoimmune thyroid disorders and other autoimmune diseases might be associated with haploinsufficiency of the genes in the pseudoautosomal region of X-chromosome [6] [26] , which may play an important role in the pathogenesis of autoimmune disorders [13] . According to other Authors, the risk of developing thyroid autoimmunity is particularly high in women with X-isochromosome, thus suggesting that a gene on the long arm of X chromosome might be involved in the pathogenesis of autoimmune thyroid illnesses [19] . In an our recent study on the relationships between TS and GD, however, we have found no correlation between patients' karyotype and GD risk and, therefore, our findings fail to support the hypothesis of a specific link between GD and the isochromosome Xq karyotype [11] . However, other characteristics of TS phenotype, such as an up-regulation of proinflammatory cytokines, might also be, at least partially, responsible for the increased risk [27] .
In DS the increased susceptibility to autoimmune diseases has been recently attributed to the dysregulation of immune system [28] . The consequent defect of inhibitory activity may partially explain the elevated frequency of autoimmune disorders in this syndrome [29] .
Another relevant pathophysiological peculiarity of GD in TS and DS is that, in young patients with these two chromosomopathies, GD presentation is often (26% of cases) preceded by HT antecedents [30] . It was already known that, also in the general population, there exists a continuum between HT and GD, within the spectrum of autoimmune thyroid diseases [31] - [33] . A very recent study of our study group has shown, for the first time, that young patients with either TS or DS are more likely to progress from HT to GD [30] . Although the pathophysiological bases of these findings need to be clarified, our data suggest that the association with TS or DS might favor metamorphosis from HT to GD [30] . An immunological mechanism, which might account for a conversion from HT to GD, is alteration in the biological activity of thyroid receptor autoantibodies (TRABs), from thyroid blocking antibodies during the hypothyroid phase, to thyroid stimulating antibodies during the hyperthyroid phase [31] . However, this remains a controversial point, with no evidence that the shifting from one disorder to the other one really reflects changes in the biological activity of TRABs.
Clinical Presentation
Studies on clinical aspects of GD in young patients with either TS or DS are very few [11] [25] [34] and based on limited cohorts, due to the rarity of this disease, which is, in absolute, distinctly more infrequent than HT [2] [3].
According to the only available study aiming to compare GD presentation and evolution under treatment in two different cohorts of girls with or without TS, GD in TS girls presents significantly later than in those without TS [11] . This is not surprising, considering that the prevalence of autoimmune thyroid diseases in TS has been reported to increase with age and to double from the first to the third decade of life [5] [8] . Another peculiarity of GD, in TS patients, is the more frequent association with other autoimmune disorders [11] , which confirms that TS girls are at higher risk for developing autoimmune disorders, with respect to the girls without TS [5] - [7] . Finally, a further peculiar aspect observed in TS girls is that, at GD presentation, these patients exhibit significantly lower FT4 serum levels [11] . A likely explanation for this finding may be that GD diagnosis in TS patients is established at an earlier phase, as they were already under special control and periodically monitored [11] .
In DS patients GD presentation occurs at a younger age and does not demonstrate any gender predominance against that observed in patients without DS [34] . From a clinical point of view, GD patients with DS present with a picture that is not significantly different from the one observed in a control GD population without DS, as suggested by the similar frequencies of both ophthalmopathy and other clinical manifestations found in the two series of patients [34] . Moreover, even FT4 and TRAB serum levels at GD diagnosis are very close in DS and control groups [34] . In DS the same clinical and biochemical peculiarities at presentation of GD had already been described by Goday-Arno et al., in an another study aiming to assess prevalence and clinical features of GD in a population with DS attending a specialized medical center [25] . Sometimes GD in DS may present in the context of a very complex and severe polyendocrine autoimmune picture [35] .
Clinical Course under Therapy
Clinical evolution under methimazole treatment has been recently evaluated in two studies aiming to ascertain whether GD patients with either TS or DS may exhibit a different response to pharmacological therapy, when compared with patients without these chromosomopathies [11] [34] .
In TS series both the initial methimazole dosage and that needed to maintain biochemical euthyroidism during the first cycle of therapy were very similar to those employed in the girls without TS [11] . Median times for relapse after the first cycle withdrawal were superimposable in TS cohort and in control group. Remission rates during the first cycle of methimazole, relapse rates after the first cycle withdrawal ( Table 1 ) and cumulative incidences of relapse were not significantly different in the two groups. After the first one, further cycles of methimazole treatment were needed in 3/7 girls with TS and in 26/89 without TS, with no statistically relevant differences [34] . Non-pharmacological therapies, such as surgery or radioiodine ablation, were needed in only one girl with TS and in 10/89 without TS ( Table 1) . At the time of the last examination the percentages of girls showing a "definitive" remission, as defined in Table 1 , were not statistically different in the two groups with GD ( Table 1) .
On the basis of the above results it was concluded that, in GD girls with TS, clinical course under treatment is very similar to the one observed in GD girls without TS [11] .
In DS patients the initial methimazole dosage was very similar to that employed in GD controls, whereas the average dosage needed to maintain euthyroidism during the first cycle of treatment was significantly lower [34] . Median times for relapse were similar in the two groups, but relapse rates after the first cycle withdrawal and cumulative incidence of relapse were significantly lower in DS patients [34] . Persistent remission rates after at least two years of methimazole therapy were significantly higher in DS patients ( Table 1) . Non-pharmacological therapies were needed in no patients with DS ( Table 1) . At the last examination, the percentages of patients exhibiting a definitive remission, as defined in Table 1 , was not significantly different in the two groups [34] .
At the light of these results, it was concluded that clinical course of GD under pharmacological therapy is less severe in GD patients with DS than in those without DS. Such inference is in contrast with that of Goday-Arno et al. [25] . In that study, in fact, no DS patients achieved remission longer than six months under pharmacological treatment and almost all of them needed radioiodine therapy [25] .
Results
1) The prevalence of GD in TS and in DS young patients are 1.7% and 6.5‰, respectively, i.e. higher than in pediatric general population (around 1‰);
2) In both these chromosomopathies GD presentation is often preceded by HT antecedents; 3) In both TS and DS, GD presents with a clinical picture very similar to that observed in GD patients without these chromosomopathies; 4) In TS clinical course of GD under pharmacological therapy is very similar to that observed in non-TS girls; 5) In DS clinical course of GD under pharmacological therapy is less severe than in non-DS patients.
Conclusion
In the children with either TS or DS, GD is characterized by two common epidemiological peculiarities, i.e. in- Table 1 . Initial remission rates * , relapse rates ** , persistent remission rates *** , non-pharmacological therapy rates˚ and definitive remission rates˚˚ in the patients with Turner syndrome (TS), in those with Down syndrome (DS) and in the respective control groups with Graves' disease but without TS and DS (from references nos. 11 and 34 of this report). 
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